A knowledge survey (KS) is a series of content-based questions sequenced in order of presentation during a course. Students do not answer the questions; rather, they rank their confidence in their ability to answer each question. A 304-question KS was designed and implemented for a multisection, multi-instructor introductory biology course to determine whether this tool could be used to assess student learning. The KS was administered during the first 2 wk and the last 2 wk of the semester online via WebCT. Results were scored using one point for each ''not confident'' response (level 1), two points for each ''possibly confident'' response (level 2), and three points for each ''confident'' response (level 3). We found that scores increased significantly between the pre-and post-KS, indicating that student confidence in their knowledge of the course material increased over the semester. However, the correlation between student confidence and final grades was negligible or low, and chi-square tests show that KS scores and matched exam questions were not significantly related. We conclude that under the conditions implemented in our study, the KS does not reliably measure student learning as measured by final grades or exam questions.
INTRODUCTION
Education specialists and school psychologists have recognized the value of student confidence in predicting academic performance for more than 25 yr. Self-efficacy, as described by Bandura (1977) , is a student's confidence in his or her ability to perform a task. Several reports indicate that students' confidence in their capacity to successfully complete coursework required for a degree program are correlated with higher grades and persistence in the career path (BesterfieldSacre et al., 1998; Lent et al., 1984 Lent et al., , 1987 Multon et al., 1991) . Recently, Nuhfer and Knipp developed an instructional tool they call a knowledge survey (KS), which is based on these self-efficacy concepts (Nuhfer, 1996; Nuhfer and Knipp, 2003) . They report that KS results represent changes in students' learning. The purpose of our study was to evaluate how closely students' performance track with their confidence in their knowledge of the course material.
A KS is a series of content-based questions that are sequenced in the order in which the topics are presented during the course. Students do not actually answer the questions; instead, they are instructed to read each question and rank their confidence in their ability to answer each question using a scale such as the following:
1. I am confident that I do not know the answer to this question. 2. I know at least 50% of the answer to this question. 3 . I am confident that I know the answer to this question.
Students rank their confidence levels at the beginning of the semester and then repeat the same survey at the end of the semester. The instructor can compare the pre-and post-KS confidence levels and make a number of inferences about the instructional experience. Nuhfer and Knipp (2003) describe several benefits in the use of a KS at many levels of course delivery, for both the students and the instructor. For students, a KS can provide a ''road map'' for the course that describes what will be expected in both content and level of rigor. It can also provide a sequenced study guide for the entire course that can be used to prepare for each lecture, track their understanding of the material as the semester progresses, and direct their exam preparation. Nuhfer and Knipp (2003) suggest that the repeated reviewing of the survey questions (e.g., at the beginning of the semester, at the end of the semester, and during the course) should enhance student learning. At the curriculum planning level, Nuhfer and Knipp (2003) propose that a KS can be used as an important mechanism for identifying a common set of instructional goals for multisection and multi-instructor courses, such as introductory and general education goal courses. KS results can also inform instructors of succeeding courses so that decisions can be made concerning content overlap and new content. For the individual instructor, designing a KS before the semester begins forces him or her to organize content and plan activities prior to the typically frantic start of the academic year, resulting in better course preparation. Finally, Nuhfer (1996) and Nuhfer and Knipp (2003) suggest that comparison of pre-and post-KS scores is a more comprehensive evaluation of student learning because exams can assess only a portion of the course content. In addition, a KS is a more time-efficient measure of learning for both students and instructors, and is a better assessment of student learning than traditional summative student evaluations.
Research on the ability of self-efficacy measures to predict academic performance suggests various interpretations that, taken together, indicate that student confidence does not have significant explanatory power. For example, although Lent et al. (1987) and Seigel et al. (1985) found significant, positive influence of self-efficacy beliefs on academic performance in college students, Tracey et al. (1997) reported weak correlation between the self-efficacy beliefs of physicians and their actual knowledge. Meta-analyses by Mabe and West (1982) and Multon et al. (1991) showed that the predictive abilities of self-efficacy beliefs were heterogeneous and depended on several variables present in the student populations and the testing conditions. The reflective judgment model developed by King and Kitchener (1994) suggests that students' abilities to recognize knowledge and make judgments about it develop over time. In addition, the developmental stage, during which the most changes in their evaluative abilities occur, is the transition from childhood to adulthood (i.e., the traditional college years). In light of this mixed history, it is imperative to know whether student confidence as reported in KS results compares well with actual knowledge gained.
At Idaho State University (ISU), the first semester course of the introductory biology sequence, Biology I, is a good candidate for evaluating the effectiveness and proposed benefits of a KS. The content of this survey course is diverse and includes topics such as the structure of biological macromolecules, cell structure, metabolism and energetics, cell division and reproduction, genetics, molecular biology, evolution, and ecology. The enrollment in Biology I is about 800 students per year and the number of sections varies per semester from two to six, as does the number of instructors. For example, during the 2003/2004 academic year, five different instructors taught Biology I. This course fulfills a life sciences general education goal and is a prerequisite course for several health sciences programs on our campus such as nursing, dental hygiene, pharmacy, and radiographic sciences. It is also a required course for all biology majors, who number about 120 students per year. As such, students in Biology I enter with a range of prior knowledge of the biological sciences.
Because Biology I serves many diverse constituents, it is essential that the content presented be somewhat standardized across sections. However, even if the material covered is consistent across sections and instructors, there has been no standard method for evaluating the evenness of instruction or the degree of student learning. For these reasons, we designed a KS for Biology I consisting of about 300 questions specific for each subdiscipline of the course. During the fall 2003 semester, three Biology I instructors involving five different sections agreed to use the KS questions as a guide for preparing lectures, classroom activities, and homework assignments. Furthermore, all three agreed to require their students to complete both the pre-and post-KS.
In implementing a KS for Biology I, we attempted to address three issues in the use of KS related to student learning. First, do the students' confidence levels as measured in the pre-and post-KS increase by the end of the course? Second, can we correlate students' confidence levels with their final grades? Third, is there a relationship between students' confidence levels and their performance on exams? We believe that our results provide an important contribution to the limited literature on the utilization of this new instructional tool.
METHODS

Biology I
During the fall 2003 semester, six sections of Biology I were offered at ISU. Three instructors teaching five of these sections volunteered to utilize a KS in their course. All five sections used a common syllabus and lecture schedule; however, due to differences in the frequency of class meetings (e.g., once per week, twice per week, three times per week), presentation of course materials was not necessarily synchronized, nor was the delivery of exams. In all sections, multiple assessments contributed to the overall course grade. These included exams consisting of multiple choice and essay-format questions (;70% of the course grade), homework assignments (;13%), and weekly multiple-choice quizzes and in-class group activities (;15%). Points received for completing both the pre-and post-KS contributed about 2% to the final course grade. Homework assignments and in-class group assignments were similar or identical across all sections. Each instructor wrote his or her own exams and quizzes, but the format across all five sections was identical: exams consisted of 90% multiple-choice questions and 10% essay-format questions; weekly quizzes consisted of five multiple-choice questions worth two points each. Across these five sections, approximately 450 students completed the course and received a final grade. Class section size ranged from 23 to 169 students. However, some students chose not to complete both the preand post-KS, so not all of the students who completed the course were included in this study.
Knowledge Survey Design
We developed the KS for Biology I on the basis of an agreed set of course objectives and the material covered in lecture.
We selected essay-style questions because that format allowed us to represent the greatest amount of course content. The sequence of items followed the sequence in which the course material was presented. Questions used were designed to align with the various levels of Bloom's Taxonomy of Learning Objectives (Anderson and Krathwohl, 2001; Bloom et al., 1956) , and the relative distribution of the KS questions into the different cognitive levels was designed to mimic that found in the lecture exams. The KS contained 304 questions that were predominantly in the Knowledge level (56%) and the Comprehension and Application level (22%) ( Table 1) . A copy of the KS questions is included in the Appendix.
Delivery of the Knowledge Survey
The pre-KS was made available to students over a 2-wk period at the beginning of the semester online via WebCT, the course management software used at ISU. The purpose of the pre-KS and how the students were expected to use it throughout the semester were explained in class. For example, we stressed that the KS was not an exam and that we did not expect the students to know all of the answers (at least for the pre-KS). We suggested that the students use the KS as a ''road map'' for the course and to use it as a study guide throughout the semester. The post-KS was made available online during the last 2 wk of the semester, prior to final exams.
Technical instructions for completing the survey online were provided within WebCT. The instructions included an estimate for how much time they should expect to spend (approximately 1 h) and the step-by-step directions for using WebCT's evaluation tool. Students were given points (totaling less than 2% of their final grade) for completing both the preand post-KS. Because of the number of questions involved and the tedium of reading online, a printable version of the KS was made available, and students were encouraged to print it prior to recording their answers online. Furthermore, students were permitted to open and close the survey as many times as necessary before submitting it for scoring.
As is the practice with the KS, students were not required to provide an exact answer for the questions. Rather, for each question, the same three descriptors were used:
Mark an ''A'' as response to the question if you don't know the answer or are not confident you could find the information to answer it completely.
Mark a ''B'' as response to the question if you can truly answer at least 50% of it or know precisely where you could quickly (30 min or less) get the information. Mark a ''C'' as response to the question if you feel confident that you could answer the question completely for test purposes.
We used the same set of questions and descriptors at the beginning of the semester (pre-KS) and at the end of the semester (post-KS) prior to the final exam.
Scoring of the Knowledge Survey
Although the KS was not graded per se, each KS was scored (scores were not released to the students) using one point for each ''A'' response (level 1), two points for each ''B'' response (level 2), and three points for each ''C'' response (level 3). Hence, the higher the score, the greater the overall level of confidence the student had in his or her ability to answer the KS questions. Because there were 304 questions, the maximum score attainable was 912, which would indicate that a student was highly confident in his or her ability to answer all of the questions. The minimum score possible was 304, which would indicate a complete lack of confidence in the student's ability to answer any of the questions.
Analysis of the Knowledge Survey
The statistical package SPSS was used for the analysis of the KS data. First, a repeated measures analysis of variance (ANOVA) was conducted on the data to determine whether there were significant differences among pre-and post-KS scores across the five sections. Second, individual student pre-and post-KS scores were plotted against final grades in the course to determine whether there was a relationship between students' general levels of confidence (either before beginning the course or after) and their final grade. We attempted to address all of the course content through exams and various assignments. In fact, some concepts may have been evaluated in multiple formats such as multiple-choice, fill-in-the-blank, and essay questions. Therefore, the comparisons between KS results and final grades provided an overall evaluation of how closely confidence levels matched the entire course content. Third, in two of the Biology I sections, Sections 1 and 5, multiple-choice questions on the final exam were matched to questions in the KS based on similarity. This type of comparison allowed us to examine 
RESULTS
Analysis of the Knowledge Survey
Of the 450 students who completed Biology I in the five sections examined, a total of 336 students finished both the pre-and post-KS, representing approximately 75% of the students. Results from students who completed one but not both of the surveys or from those who did not receive a final grade for the course were not included. The pretests and posttests were compared using a repeated measures AN-OVA. The main effect of the pre-to post-KS was significant (F 1,334 ¼ 859.814, p , .001) and the main effect based on section was not significant (F 4,334 ¼ 0.689, p ¼ .600). However, since the interaction effect of pre-to post-KS by section was significant (F 4,334 ¼ 2.444, p ¼ .046) the means must be compared at the section by repeated measures. Post hoc tests of interaction using a Bonferroni correction comparing the pre-to post-KS means were significant for each section. Although there were no violations of homogeneity of variance among the five sections, the residuals were not normally distributed based on the Kolmogorov-Smirnov test with the Lilliefors correction. Therefore, the Wilcoxon signed rank test was performed for each section and the p values were adjusted using the Bonferroni method ( Table 2) . The results were identical to the parametric test. There was a significant increase in KS scores (confidence levels) for all five sections.
Correlation between Knowledge Survey and Final Grade
To determine whether the KS results could be used as predictors of a student's performance in the course, we plotted pre-and post-KS scores against final grades (Figure 1 ). When the pre-and post-KS correlation coefficients for each section were compared, in all cases, the pre-KS correlation coefficient was smaller than the post-KS correlation coefficient. All of the correlation coefficients for the pre-KS scores, with the exception of Section 4, have a negligible relationship to final grade (Schmidt, 1979) . Despite some significant correlations between the post-KS scores and final grades, the correlation coefficients, in general, were low.
Relationship between Matched Knowledge Survey Responses and Exam Performance
In two of the Biology I sections (Sections 1 and 5), 28 final exam questions were matched to questions in the KS based on similarity (Table 3) . A total of eight questions with 64 student responses were included from Section 1, and 20 questions with 129 student responses from Section 5 were included. Chi-square goodness-of-fit tests were conducted separately on each of the 28 questions. Two guidelines were used to ensure the best approximation possible. First, all expected counts had to be greater than one (Utts and Heckard, 2002). Second, at least 80% of the cells had to have an expected count greater than five. In the case that one or both of the guidelines did not hold for any particular matched question, the data were reduced to the point that the guidelines did hold. For example, if there were very few students who had no to low levels of confidence for a particular knowledge survey question (responded with a one or a two on the knowledge survey) these two responses were simply combined, providing one category of no to low levels of confidence. This reduction of data was necessary for 16 of the 28 matched questions. In these 16 cases, a Fisher's exact test level of significance p value was calculated. As is described in Table 3 , the large majority of matched questions were not statistically significant, with the exceptions of Question 8, which was significant at the .05 significance level and Questions 12, 13, and 24, which were significant at the .10 significance level. However, all of these questions lost their significance once the p values were Bonferroni corrected.
DISCUSSION
A KS tool was applied to a multisection, multi-instructor introductory biology course. Student confidence levels, final grades, and responses to KS-related test questions were examined in an effort to address the validity of the KS confidence levels as an accurate indicator of student learning.
We found that students' confidence levels increased significantly over the semester in all five sections of Biology I. We would like to predict that the increase is due to the students' experiences with the course material through the pre-KS, lecture, in-class exams, and course assignments, and that their increased level of confidence is related to knowledge gained. However, Mabe and West (1982) reported in their meta-analysis that one measurement condition that influenced the accuracy of self-evaluation tests is the amount of experience an individual had with those types of selfefficacy tests. Furthermore, King and Kitchener (1994) suggest that the development of college students' evaluative abilities takes longer than one semester. It remains possible that some part of the increase in confidence that we see is due to a semester's worth of experience with self-evaluation and the KS instrument itself.
The relationship of student confidence (as measured by the KS) and course performance is not well supported by our data. There is negligible correlation between confidence levels at the beginning of the course and final grade, which might be expected of freshman-level students with little experience in self-evaluation. Our data suggest that students' levels of confidence at the beginning of the semester are not good predictors of achievement in the course. By the end of the course, the students' confidence with the course material increased, but the correlation of their level of confidence and their final grade is still low. Therefore, we do not find evidence that student confidence levels are a good indicator of course performance. The relationship between student confidence levels and their performance on matched exam questions is also not supported by our data. The uncorrected p values show four matched questions that are statistically significant at the .10 significance level or better. However, the Bonferroni corrected p values show no statistical significance for any of the 28 matched questions. Therefore, we find insufficient evidence to conclude that there is a relationship between student confidence and exam performance.
We were concerned that the ability of students to accurately estimate their level of confidence may be influenced by the cognitive level of the question. We speculated that some students may have a harder time evaluating their level of confidence in the higher cognitive questions (e.g., Bloom's Analysis, Synthesis, and Evaluation) compared with the lower cognitive questions. Most of the matched questions we used for the comparison were ranked at the Knowledge, Comprehension, or Application levels, except Questions 12 and 25, which we ranked at the Synthesis and Evaluation and Analysis levels, respectively. Since none of the correlations are significant, we cannot assess the influence of the cognitive level of the question on the students' ability to evaluate their confidence.
Our results differ from those of Nuhfer (1996) and Nuhfer and Knipp (2003) , who report that KS confidence levels are a good representation of student knowledge. We can suggest three possible explanations. First, we could find no report of statistical analysis of their KS data. In the absence of this analysis, it is difficult to assess the strength of the relationships between KS scores and grades. In addition, they may find correlations of lower strength acceptable. Second, we found no report on the enrollment in the courses in which they reported the use of the KS. It is possible that our large sample size lent itself to a more favorable statistical analysis based on scale alone. Finally, our student populations may be different. They reported results of students from a large metropolitan area; the introductory biology course used in this study consists primarily of freshman and sophomores largely drawn from rural Idaho.
One potentially confounding variable in our study and those of Nuhfer and Knipp (2003) is the differing abilities of the students to self-evaluate their own knowledge. Students with differing levels of self-efficacy (e.g., high or low) will have corresponding abilities to self-evaluate (Zimmerman, 1989). Schunk (1996) predicts that it is necessary to teach students self-evaluation skills prior to requiring them to selfevaluate. To do this, the instructor must model the types of self-reflection questions that students need to ask themselves, such as ''What are the strengths and weaknesses of my answer? Did I provide all of the details? Did I answer the question completely?'' (Carr, 2002; Greenberg, 1988; Zimmerman, 1989 ). In addition, the instructor needs to provide regular feedback on each student's progress (Schunk, 1996) . Schunk (1996) and Zimmerman (1989) predict that as students' self-evaluation skills improve, their learning will also improve. Therefore, if a KS is implemented with consistent instructor reinforcement on self-evaluation skills throughout the course, it is possible that confidence levels may more closely reflect content knowledge by the end of the semester. In addition, the students will have learned a valuable skill that they can apply in other classes.
Despite the limitations in the use of the KS as an indicator of student learning, we have anecdotal evidence that supports many of the reported benefits of a KS. For example, each instructor observed many students using the printed version of the KS as a guide to prepare for exams. With a different experimental design, it would be possible to determine whether learning was enhanced for those students who consistently used the KS as a study guide. Also, across the five different sections (three different instructors), the pre-KS scores for each question were strikingly similar. The common high-confidence-level questions suggest that the entering students had prior exposure to some of the same course content. Finally, all three instructors used the KS as a guide for developing course content with the expectation that we would achieve content consistency across sections, a common goal for multisection, multi-instructor introductory level courses. Future research could be designed to test each of these valuable attributes of KS.
Our overall evaluation of a KS is that it can be an effective instructional tool for multisection, multi-instructor courses, such as general education or introductory courses for which a specified body of knowledge is expected to be taught. However, our data demonstrate that introductory-level students do not accurately judge their knowledge. Further research into the influence of instruction in self-evaluation skills on confidence levels may provide a mechanism to align KS confidence levels with student learning. Until further studies warrant otherwise, we cannot recommend the KS as an appropriate tool for measuring student learning. 
